Chronic kidney disease of unknown etiology (CKDu) is spreading gradually in Sri Lanka. In the current research, 1,435 well water samples from all 25 districts of Sri Lanka, 91 rice samples, and 84 human urine samples from both CKDu-endemic and non-endemic areas in Sri Lanka were analyzed for arsenic, cadmium, lead, and chromium to detect whether toxic elements could be a cause of CKDu.
INTRODUCTION
Sri Lanka is an island that covers an area of 65,610 square km. It is located in the Indian Ocean above the equator with a latitude and longitude of 6 -10 N and 79 -82 E. Sri Lanka is divided into three main climatic regions: the Dry Zone, the Intermediate Zone, and the Wet Zone, based on the rainfall. Well water is the main source of drinking water in the Dry Zone, including the Anuradhapura and Polonnaruwa Districts. Numerous wells supply people with water, since surface water is difficult to obtain in most of the Dry Zone, even though artificial canals have been constructed by successive dynasties since ancient times.
Chronic kidney disease of unknown etiology (CKDu) is one of the most serious health issues in Sri Lanka, as it has recently been increasing regularly in the North Central Province of the Dry Zone, which covers 16% (10,472 km 2 ) of the the North Central Province (Jayasumana et al. ) . CKDu is an endemic disease that cannot be attributed to hypertension or diabetes (Jayasumana et al. ) . The disease was first recorded in the early 1990s. It is more prevalent among males than females, with a ratio of 3:1, especially among males engaged in agriculture around the ages of 40-60 years (Nobel et al. ) . It is worth noting that the disease is not confined to Sri Lanka. Similar cases have been recorded in India, Nicaragua, Costa Rica, Central American states (Nobel et al. ) , Uddanam, China, Serbia, Bulgaria, Romania, Croatia, and Bosnia. It is believed that the hydrogeochemistry of the drinking water adversely affects CKDu, as the disease is highly endemic (Chandrajith et al. ) .
Many hypotheses to explain CKDu have arisen, as follows:
(1) high fluoride exposure through drinking water (Nanayak- In this research, heavy metals and arsenic concentrations in the well water from all Sri Lankan districts and in rice from Sri Lanka were determined in investigating the relationship between the prevalence of CKDu and heavy metals and arsenic. In addition, heavy metals and arsenic concentrations in urine from people living in both CKDu-endemic and non-endemic areas were analyzed for further confirmation.
MATERIALS AND METHODS
From 2010 to 2015, 1,435 water samples were collected from both dug and tube wells in all districts of Sri Lanka to determine the water quality. The study sites were selected randomly, and the locations were marked using GPS. Water samples were filtrated on site, using a membrane filter with a pore size of 0.45 μm to stabilize the water quality, and stored in polyethylene bottles until analysis. Collected samples were taken to Japan for the analysis of heavy metals: cadmium, lead, chromium, and arsenic. The metal concentrations in the well water were analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES) (PerkinElmer Optima 5300) or inductively coupled plasma mass spectrometry (ICP-MS) (Agilent 7700). The water samples were transported from Sri Lanka to Japan within 1-4 days after collection.
Ninety-one rice samples were collected from Sri Lanka for analysis from 2014 to 2015. Samples were collected from the market and households in both CKDu-endemic and non-endemic areas in the Anuradhapura, Hambantota, Kandy, Matale, Ampara, Kegalle, Gampaha, Matara, and Colombo Districts in 
RESULTS AND DISCUSSION
Arsenic, cadmium, lead, and chromium in well water in
Sri Lanka

Arsenic
According to Sri Lankan standards (Sri Lankan Standard
Institute ) and World Health Organization (WHO) guidelines (WHO ), the maximum permissible level of arsenic in drinking water is 10 μg/L. Table 1 When we consider the soil map of Sri Lanka, that categorizes soil into 21 types, it is clear that all of the wells with arsenic levels higher than 10 μg/L were located on the soil type of 'sandy regosols on recent beach and dune sands' (Survey Department ), indicating that the arsenic had a geological origin (Herath et al. ) .
Accordingly, we could conclude that arsenic in well water is not a cause of CKDu.
Cadmium
The Sri Lankan Standard for cadmium in drinking water is 
Lead
The Sri Lankan standard for lead in drinking water is 10 μg/L (Sri Lankan Standard Institute ), which is similar to the WHO guideline for lead in drinking water (WHO ). The maximum and average concentrations of lead in the well water of each district in Sri Lanka are shown in Table 3 .
Galle District showed an extremely high maximum concentration of lead in well water of 288 μg/L. All other districts reported maximum concentrations of lead below the Sri Lankan standard of 10 μg/L. No district exceeded the average lead concentration in well water than the Sri Lankan standard.
Lead is suspected to be one cause of CKDu, since lead damages the human kidney, immune system, circulatory system, and neurons, and causes joint diseases (Siraj & Kitte ). However, our results indicate that lead is not a cause of CKDu. The analysis of the WHO final report, which stated that lead concentrations in drinking water sources used by CKDu patients in Sri Lanka were within the normal range (WHO ), coincides with our analysis.
Chromium
The Sri Lankan standard for chromium in drinking water is 50 μg/L (Sri Lankan Standard Institute ). The WHO Two-sample t-tests that assumed unequal variances (p < 0.05) were performed to identify whether there is a significant difference between arsenic, cadmium, lead, and were not significantly different than those of non-affected people (mean 1.50, max. 10.82 μg/g cr) (p < 0.05) in CKDu-endemic areas.
CONCLUSIONS
Arsenic, cadmium, lead, and chromium in well water, rice, and human urine were measured to detect whether these elements could be a cause of CKDu prevalent in Sri
Lanka. In addition, L-FABP in human urine was measured to detect the relationship with arsenic, cadmium, lead, and chromium in human urine.
Arsenic, cadmium, lead, and chromium concentrations in well water collected from 1,435 wells in all 25 Sri Lankan districts indicated that no district recorded maximum and average values of cadmium and chromium concentrations above the Sri Lankan standard or the WHO guideline, which shows that cadmium and chromium in well water are not possible causes of CKDu. Lead concentrations in well water were also recorded as being below the Sri Lankan standard and the WHO guideline, with the exception of one sample. The well water arsenic in the Mannar, Puttalam, Batticaloa, and Mullaitivu Districts had concentrations that were above the Sri Lankan standard and the WHO guideline of 10 μg/L. However, these areas
have not yet been identified as CKDu-endemic areas. Therefore, it is clear that arsenic, cadmium, lead, and chromium in well water should not be the sole causative agents of CKDu.
Rice samples collected from CKDu-endemic areas and non-endemic areas were also analyzed for arsenic, cadmium, lead, and chromium. The rice samples showed arsenic, cadmium, and lead contents below the Codex standards, and the chromium content in rice also had a lower value. Furthermore, we found that there was no significant difference in the arsenic, cadmium, lead, and chromium contents in rice between CKDu-endemic and non-endemic areas. Thus, it is clear that arsenic, cadmium, lead, and chromium in rice are not possible causes of CKDu.
Furthermore, the L-FABP concentration in human urine was compared with arsenic, cadmium, lead, and chromium concentrations in human urine. No relationships were found between them. In addition, arsenic, cadmium, lead, and chromium concentrations in human urine samples from CKDu-endemic areas were not significantly different from those from non-endemic areas, indicating that arsenic, cadmium, lead, and chromium are not causes of CKDu.
Finally, it was concluded that arsenic, cadmium, lead, and chromium could not cause CKDu.
